Non-trodden soils free of human and livestock pedestrian activity occur on the floors of hypersaline playa-lakes in the Monegros' inland wetlands in Spain. A soil surface vesicular crust (herein designed as A1v horizon) organized in decimetric polygonal plates is the main observable feature of these rare soils inhabited by the perennial halophyte shrub Arthrocnemum macrostachyum (Moric.) Moris (A.m.). The vesicular organization of the A1v, together with its discontinuity with the soil underneath, suggests the existence of two contrasting soil microenvironments. Thirty-three sites of seven wetlands inhabited by A.m. were sampled: the A horizon from 0 to 15 cm, that is, including A1v; and separately the A1v and the underneath A2 horizon up to 15-cm depth. Measurements included Munsell color, moisture, and salinity at different soil/water ratios, during both the dry and wet seasons along with determinations of gypsum content, calcium carbonate equivalent, and organic matter. Evidence of the mulching effect of A1v and its contrasting conditions against the underlying A2 is supported by the significant differences in 1:5 soil/water extracts electrical conductivity, with a July mean EC1:5 of 22.3 dSm -1 in A1v vs. 14.0 dSm -1 in A2, and by similar significant differences in all major ions, except Ca. In July, total dryness (0%) can be achieved by A1v whereas A2 retained some moisture (5% minimum). Significant moisture differences were found for A1v and A2 in December together with a homogenizing effect. These are significant traits to be considered both in halophyte germination and establishment studies, and in ecological and restoration plans. Previous works on the saline playa-lakes of Monegros, Spain, reported that the soil under A.m. and in conterminous areas shows a polygonal pattern of cracks affecting the few upper centimeters (Herrero, 1982 (Herrero, , 2008 . This results in porous and friable polygonal plates of a vesicular crust, easily detachable through the structural discontinuity with the underlying soil material. The polygonal pattern can persist even after small rain showers ( Fig. 1a and 1b) . After drying, the salt accumulation can fill in cracks, reaching the surface of the plates (Fig. 1b, 1c) . The plates can last for years, resulting the polygonal pattern as an outstanding feature of these soils (Fig. 1d ).
Previous works on the saline playa-lakes of Monegros, Spain, reported that the soil under A.m. and in conterminous areas shows a polygonal pattern of cracks affecting the few upper centimeters (Herrero, 1982 (Herrero, , 2008 . This results in porous and friable polygonal plates of a vesicular crust, easily detachable through the structural discontinuity with the underlying soil material. The polygonal pattern can persist even after small rain showers ( Fig. 1a and 1b) . After drying, the salt accumulation can fill in cracks, reaching the surface of the plates (Fig. 1b, 1c) . The plates can last for years, resulting the polygonal pattern as an outstanding feature of these soils (Fig. 1d ). Turk and Graham (2011) described the vesicular horizon as "a common feature of soils in arid and semiarid lands" and stressed its role in controlling the surface hydrology. Vesicular horizon, considered ubiquitous in undisturbed desert soils by McFadden et al. (1998) , was known years ago with different settings, for example, produced by repeated irrigations (Miller, 1971) , or occurring under a laminated surface layer in saline areas (Joeckel and Clement, 1999) , or as subpavement vesicular horizon in many deserts, better developed under clasts (Springer, 1958; Laity, 2011) . As reviewed by Turk and Graham (2011) the genesis of vesicular horizons have been frequently associated with rough soil surfaces or with stone pavements (Bouza et al., 1993) , which is not the case in the Monegros playa-lakes where coarse fragments are rare. The vesicular horizon and the lack of stones also occur in other saline flats, as noted by Joeckel and Clement (1999) for eastern Nebraska, by Mees and Singer (2006) for the Aral Sea or by Buck et al. (2011) for the Salton Sea in California.
On the other hand, the trapping of seeds or other propagules dispersed by tides (Wolters et al., 2004) or by wind is a key factor for plant establishment on flat surfaces, as are the floors of playa-lakes. The biological importance of the soil cracks as seed traps has been stressed by Burmeier et al. (2010) and by Espinar and Clemente (2007) as determining how diaspores are distributed within soils. However, there are few studies about the vesicular "segregated horizon" of playa-lakes, whose shallow cracks can trap propagules and act as a special microenvironment for plant establishment.
The stem-succulent halophyte A.m. is the most salt-resistant perennial vascular plant living under hypersaline conditions within the playa-lakes in Monegros (Braun-Blanquet and Bolòs, 1957; Herrero, 1982; Blanché and Molero, 1986; Conesa et al., 2011) . This perennial Chenopodioideae, distributed at the interface between dominantly inundated vs. dominantly dry areas is protected under the Habitats Directive 92/43/EEC of the European Union. Their habitats are muddy and saline soils seasonally flooded with brines that can reach several times the seawater salt content (Samper-Calvete and García-Vera, 1998). Herrero (2008) The adaptations of this plant to salinity and other stress factors , as well as its role in soil formation through organic matter production, dust-trapping, rooting, and providing conditions for the life of other organisms, are not well known. Due to the close connection of A.m. with water ponds, the new on-farm irrigation developments in the vicinity of the playa-lakes (Castañeda and Herrero, 2008; Domínguez-Beisiegel et al., 2013) threaten the A.m. habitats by producing more frequent flooding. Irrigation flows will change the hydrological regime and the ionic composition of ground water and soil.
Many studies have been conducted on the physiology of salt-tolerant plants of agricultural interest and on plant-soil relationships (Pessarakli, 1999) , considering several of the various plant-stressing factors and the concept of non-uniform salinity in the root zone (Bazihizina et al., 2009) . Fewer reports are available on highly salt-tolerant plants, which often have few if any commercial uses, like A.m. We studied the soil habitat of A.m. in Monegros, Spain, hypothesizing that the polygonal nature of the vesicular crust (or A1v horizon) is a relevant trait for A.m. development in early stages. Our objective was to depict the physical and chemical characteristics of A.m. soils focusing on the differences between the vesicular crust (A1v) and the underneath non-vesicular A2 horizon, as providing two different microenvironments for A.m. germination and plantlets survival. This knowledge is essential to understand future changes in soil characteristics and to relate it to plant distribution.
STUDY AREA
Our research was conducted in seven of the saline playa-lakes, or saladas, located in southern Monegros, Northeast Spain (Fig. 2) , one of the most arid regions in Europe (Herrero and Snyder, 1997) . The mean annual precipitation is 350 mm for the last 20 yr and the mean annual reference evapotranspiration (ET 0 ) is 1225 mm (Faci and Martínez-Cob, 1991) resulting in a high mean annual water deficit.
The saline wetlands occur in karstic depressions formed mainly by dissolution of Miocene horizontal strata of alternating limestone, gypsum, and lutites (Salvany et al., 1996) . The floors of the depressions are unconsolidated Holocene evaporitic and detrital sediments several meters thick and continuously reworked by the interstitial brines. Soils are Gypsic Aquisalids according to Soil Survey Staff (2010) . A sequence of three lithological units was recognized for nearly all basins by Mees et al. (2011) , with a correlatable subsurface unit of typically magnesite-bearing gypsiferous deposits.
These gypseous soils have a hypersaline shallow water table and temporary ponding with seasonally variable salinities up to 200 g L -1 (Samper-Calvete and García-Vera, 1998). During the dry periods, capillary rise is responsible for the high salinities in the soil and for surface efflorescences. Halophytes cover the floor of many saladas, limited to the fringes which are not subjected to long periods of inundation. Few halophytes can live in these harsh conditions, A.m. being the only perennial plant at the wetland fringes closest to the intermittently flooded bottoms.
MATERIALS AND METHODS

Field Sampling
Soil sampling sites were selected based on maps of vascular vegetation at scales ranging from 1:2000 to 1:6000 (Conesa et al., 2011) . The A.m. occurred in 11 saladas as the dominant species of the European Commission habitat 1420, that is, "Mediterranean and thermo-Atlantic halophilous scrubs" (European Commission, 2007) . We studied seven saladas with >1 ha of A.m. cover (Fig. 2) and sampled three to eight sites in each salada, totaling 33 sites. The cover density of A.m. at 27 sampling sites ranged from 10 to 90%, and one site had residual A.m. Bare soil was sampled at five sites close to A.m.
Two sampling campaigns were conducted, summer (24-28 July 2006) and winter (12-14 Dec. 2006) . At each selected site we sampled the top superficial vesicular crust (A1v) naturally separated as loose polygonal "floor tiles" from the underlying soil, and the nonvesicular A2 horizon to a maximum depth of 15 cm. The A horizon was also sampled from 0-to 15-cm depth, within 0.5 m of the A1v and A2 samples, to compare the composition of the two layers (A1v and A2) between them and with that of A, that is, the A horizon as would be sampled for routine auger surveys of soil salinity. The A2 and A samples were taken with an Eijkelkamp auger, whereas A1v was sampled by hand or a knife. A total of 99 soil samples were taken during each sampling campaign.
Soil temperature and A1v thickness was measured in the field in July and December. Soil temperature was measured with a probe connected to a thermocouple (Selvise T210, Jules Richard Instruments, Argenteuil, France), at a depth of 15 cm because evaporation is controlled by soil temperature and moisture.
Laboratory Methods
The determinations performed in the July sampling were complemented in December as shown in Table 1 . Gravimetric soil moisture was measured avoiding the loss of constitutional water of gypsum (Herrero et al., 2009) . The samples were air-dried at room temperature for 1 wk and dried in an oven for 2 wk at <40°C. The color of both the airdried and the wet soil samples was determined in the lab (Munsell Color, 1988) . Soil pH was determined by pH meter from an aqueous 1:2.5 soil/water dilution (Peech, 1965) .
The electrical conductivity, expressed in dS m -1 at 25°C, was measured from extracts with soil/water ratios in weight of 1:5 (EC1:5) and 1:10 (EC1:10). The soil salinity appraisal using saturated paste extracts was devised by the U.S. Salinity Laboratory Staff (1954) for soils with salt contents well under the EC attained in the salada bottoms, and does not give results representative of the conditions of these soils, which are often flooded with brine. Moreover, as saturation extracts produce neutral ionic pairs, the EC in these extracts is a weak estimator of ionic content. We considered the 1:5 extracts as a standard ratio that would allow comparisons with the results of other authors. We checked the quality of the EC measurements and the occurrence of neutral ionic pairs, a major concern with extracts of highly saline soils, by regressing EC1:5 on EC1:10 for the 198 soil samples.
The ionic contents (Ca, Mg, Na, K, Cl, and SO 4 ) were determined for the 1:10 soil/water ratio extracts from the July samples to avoid extra dilutions of the 1:5 extracts. Calcium and Mg were determined by atomic absorption spectrophotometry, and Na and K by flame absorption photometry, with a PerkinElmer 2380 spectrophotometer. Chloride was determined with an electrode connected to an ORION EA-920 ion analyzer (Thermo Electron Corp., Beverly, MA). Sulfate was determined by molecular absorption spectrophotometry according to Nemeth's method, using a SP6-200 PYE UNICAM spectrophotometer (Pye-Unicam, Cambridge, UK).
The organic matter content was determined with a Spectronic 20 colorimeter by oxidation of the organic C with potassium dichromate in a sulfuric environment using AgNO 3 to avoid the interference of Cl. Total N was determined by the Kjeldahl method, and calcium carbonate equivalent (CCE) with a Bernard calcimeter. The gypsum content was determined by thermogravimetry following the method of Artieda et al. (2006) .
Munsell color, gravimetric moisture, electrical conductivity (EC1:5 and EC1:10), and main ions were determined for the A1v, A2, and A horizon samples. Calcium carbonate equivalent, gypsum, total N, and organic matter, were determined for A horizon samples; moreover gypsum was determined for A1v and A2 samples to check for accumulation or depletion of gypsum. Moisture and electrical conductivity were also determined on the December samples.
DATA TREATMENT
The data were managed with spreadsheets and the statistical packages MINITAB and SSPS. The distributions are represented by boxplots, following Chambers et al. (1983) . Smoothing via a locally-weighted scatter plot smoother (Cleveland and Devlin, 1988) , or "LOWESS lines", was used to graphically summarize the relationship between gypsum content of A1v against A2, without fitting a specific model. We used the central and dispersion measures of salinity, soil moisture, major ion concentrations, organic matter, and gypsum content. The ion contents of soil extracts were studied with Schoeller-Berkaloff diagrams.
RESULTS
Soil Surface Organization
The soil surface showed a recurrent polygonal pattern under different soil moisture conditions, with desiccation polygons from 15 to 30 cm in size. The decimetric polygonal pattern of A1v persisted after the recent rains during the summer sampling campaign (24-28 July) (Fig. 1a) . Rainfall totaled 7.2 mm at the nearest weather station, located 13 km far from our study area. As the soil dries, the A1v horizon naturally separates in polygonal plates from the underneath soil. The thickness of the plates ranged from 0.3 to 2 cm, and was greater in July except at Pueyo (Table 2) . Cracks between the polygonal plates, without continuity with the underlying soil material, were >1 cm wide. The best-developed plates were found at Agustín (Fig. 1d) , where organic matter was highest (Table 2 ). In July, the soil surface had patches of contrasting colors caused by the efflorescences and soil moisture differences associated with the microtopography. Table 2 shows the 33 soil sampling sites and the distance from the border of the salada to sampling sites. This distance ranged from 70 m at Camarón to 400 m at Agustín. The elevation ranged <0.5 m between contiguous sampling sites, and <1.7 m within each salada, showing a slight slope of the playa floor toward the bottom.
The surface color becomes more homogeneous and darker (Table 2 ) when salts are dissolved by fog, dew, or rain. For many sampling sites, a net change in color occurred in the A2 layer, from a dark layer a few centimeters thick to white or pinkish gypseous material, often organized in a sequence of discontinuous centimetric layers (Mees et al., 2011) . The soil composition (high gypsum and calcium carbonate content, Table 2 ) in addition to the intermittent bright salt efflorescences, limited the recording of soil color, with much higher value than the available chips in the Munsell charts. Only two hues (10YR and 2.5Y) were described in the moist and dry ground soil samples. Almost all dry A1v samples had a value between 6 and 8, and a chroma of 2. At each site the A1v and A2 colors were similar, suggesting a similar bulk composition in spite of the natural discontinuity between them.
Soil Moisture
Distribution of soil moisture for the three sampled depths is shown in Fig. 3 . In July, soil moisture ranged from 0.0 to 37.8% (A1v), from 5.0 to 32.5% (A2), and from 4.7 to 29.2% (A). In December these layers ranged from 11.3 to 50.4% (A1v), from 11.0 to 33.3% (A2), and from 11.0 to 31.7% (A). The seasonal difference of medians was less for the A2 layer than for the A1v layer. The range and median for the A2 layers were very similar to those of the A horizon for both seasons.
Soil moisture difference between A1v and A2 layers was significant (p < 0.001) in December samples. July A1v and A2 layers did not have significant moisture differences probably because of the rains recorded in July campaign. However, summer rains were usually very local and had limited effects, as the maximum recorded daily rain (<3.4 mm) was much less than daily reference evaporation. During July, moisture differences between A1v and A2 were the following: (i) A1v attained total dryness (0%) while the A2 still retained some moisture (~5%), (ii) the moisture range of A1v is 10% more than A2, and (iii) the maximum moisture content recorded was 38% for A1v, and 27% for A2. In December, A1v water contents also varied widely, ranging from 11% to >50%, even though no rain was recorded for the area, contrasting with the smaller range of the moisture content of A2 (from 11 to 33%). The moisture variability of A2 in July indicates a noticeable influence of summer evaporation, whereas a homogenizing effect in winter is observed (Fig. 3) . No commonalities in soil composition were observed between the sites with no seasonal moisture variation. Overall, December moisture of A1v was more than 10% higher than in July. Only three sites (in Rollico) had higher moisture content in July compared to December though only one site retained this difference in A2, with no apparent relation with elevation or distance to the salada border.
Soil temperature, recorded from 0800 to 1600 h, show large variations ranging from 21.6 to 35.7°C (mean = 28.8°C) in July, and from 5.6 to 9°C (mean = 7.3°C) in December.
Soil Salinity and Chemical Characteristics
A strong and significant relationship was found between EC1:5 and EC1:10 for the 198 soil samples (R 2 = 99.5%, p < 0.001) as well as for each of the sampling times and depths (R 2 ranging from 98.8-99.6%). The coherence of the EC relationships indicated the absence of neutral ionic pairs in the 1:5 and 1:10 soil/water ratio extracts of our soils. Full ionic dissociation was confirmed by the R 2 values (from 99.0 to 82.4%) found in each layer between the 1:10 extracts anion or cation sums, and EC for both extracts. The Cl and Na ions showed a high correlation with EC1:5, with r equal to 0.97 and 0.98, respectively, suggesting a way to save lab workload in future studies. In contrast, Mg had the lower correlation (r = 0.68). The scatter plot of EC1:5 measurements for the A1v and A2 (Fig. 4) showed the major salinity trends. Most A1v samples had greater EC1:5 than A2 both in July and December. The points under the 1 = 1 line correspond to 14 sites with opposite behavior; that is, A1v had less salt than A2 in July and in December. Of these 14 sites, five were located in less prone to ponding sites (at Agustín and Pueyo), and maintained this behavior in both seasons. Differences between EC1:5 of the sampled layers ( ), (ii) the salinity ranges for A2 were shorter than those for A1v, and (iii) during December, A1v and A2 had a similar salinity range, and also similar to A2 during July. The A horizon boxplots (Fig. 5) showed somewhat intermediate values in comparison with the two other depths sampled.
The greatest differences of EC1:5 between July and December, from 15 to 30 dS m -1 were recorded at La Playa wetland. The smallest differences of EC1:5 between July and December occurred at Agustín. This seasonal variation of EC1:5 can be related to the inundation frequency, a 50% for La Playa and a 27% for Agustín, after Castañeda and Herrero (2008) . Four sites (AGU2, CMR1, LPL6, and PYO1) had higher December EC1:5 values for the three sampling depths, and any relation to the site location or relative elevation was not found.
The mean values of major ions (Table 3) showed the dominance of SO 4 against Cl. The mean Mg/Ca ratio for A1v (1.4) doubled that of A2 (0.7). Significant differences (p < 0.05) in mean ion content between A1v and A2 for most ions and Mg/Ca ratio were confirmed by Wilcoxon's signed rank test. Differences were not found for Ca (p = 0.257), as Ca concentration was similar in both layers because of the dominance of calcite and gypsum in these soils. For the most harmful ions for plants, Cl, Na, and Mg, the mean ion content in A1v layers was 1.1 to 1.8 times that of A2 (Table 3) . These ions, plus sulfate, were the constituents of the occasional efflorescences in A1v layers. Potassium content was irrelevant compared to the other ions, with similar means (~ 2.5 meq L -1 ) for A1v and A2. Sulfate is ubiquitous; Cl, Na, and Mg ions are very soluble and easily mobilized. In wet periods, while the soil moisture still allows capillary contact of A1v with A2, the concentration of major ions increases in the plates due to the evapo-concentration. Most samples (20 from 33) had pH values between 8.7 and 8.9. All, except three of these samples, are strongly alkaline according to Soil Survey Staff (1996, p. 618-632) . Three are moderately alkaline. The pH of the A horizon ranged from 7.9 to 9.0, therefore an inadequate availability of several elements for plants can be surmised. This pH value can increase the stress on plants and other organisms.
The gypsum content (Fig. 6 ) in the A1v horizon ranged from 4 to 72% with a mean of 30%. A2 gypsum content ranged from 6 to 95%, with a mean of 39%, showing a high correlation (R 2 = 92.7%) with A horizon gypsum content. The CCE ranged from 12 to 45% except at two sites with CCE <5%, both of which were from gypseous soils. The sum of CCE and gypsum ranged from 30 to 95%, with a mean of 58%. Organic matter (OM) content ranged from 0.3 to 2.8%. The highest OM values occurred in Agustín, La Playa, and Rollico wetlands. A close relationship was found between OM and N content (R 2 = 94.0%), with a C/N ratio of 6.8, which indicates advanced humification (Duchaufour, 1970) .
The Schoeller-Berkaloff diagram (Fig. 7) illustrates the similarities and differences between A.m. sites based on the ion content of 1:10 soil extracts for July. For the T layer, almost all of the sampled soils can be grouped into the upper part of the diagram, with a similar range for the logarithms of the analyzed ions. Seven sites detached by their ion contents, lower than the others by orders of magnitude. A similar pattern occurred in A2, even though salt content variability was lower. Roughly the same sites that differed in the composition of A1v also differ in A2, though these divergences of composition are less marked. The A1v layers at La Playa, including the bare soil sampled, had the highest salt content of all sites. In general, Agustín sites (AGU) differ from the rest, in one layer or in both A1v and A2. Sites PYO1, PTO4, CMR1 stand out for their low salinity (with less variability for A2), together with high gypsum content and low moisture.
No relationship was found between A.m. coverage and relative elevation, soil moisture, and composition.
DISCUSSION
Soil Microenvironments
Our research is focused on the ecological consequences of the setting of vesicular polygonal plates (A1v horizon) separated from each other by a network of crust-related cracks, and acquiring a physical discontinuity with the underlying A2 horizon during desiccation. Polygonal cracks associated with vesicular horizons have been described in most of the articles cited in the Introduction section. Moreover, the cracks in the A1v horizon of the saladas showed some resemblance with the halite crusts mentioned by Nash (2011), and can be described as crust-related cracks (Schoeneberger et al., 2011) . These cracks cannot be considered as diagnostic or as permanent cracks (Soil Survey Staff, 2010) because they do not meet the thickness requirements. The references mentioned in this article provide detailed morphological descriptions and sound genetical hypotheses about the vesicular crust, even based on experiments.
The lack of internal movements distinguishes the soils in the saladas from Vertisols in salt marshes (Espinar et al., 2005b) , under higher coastal energy, where horizons with cracks are subjected to redistribution of materials affecting the redistribution of propagules. Some authors have demonstrated the influence of deep cracks on seed bank formation (Espinar and Clemente, 2007) although the role of segregated horizons on germination and plant development has not been reported.
Persistence of polygonal cracking was found by Burmeier et al. (2010) in clay-rich soils. The clay mineral content was low in all our saladas, as the average of gypsum plus calcium carbonate equivalent was about 60% and maximum was 95%. In these gypsic horizons, however, the pattern of cracks and plates can also survive waterlogging and drying. Besides, these soils are not disturbed by human or livestock activity, thus the longterm persistent self-organization, a common characteristic for vesicular horizons, is easily observed.
The differences in salinity and composition between the Av1 and A2 horizons, evidenced in this study, have not been previously studied in these unique habitats. The bestdeveloped plates rest in partial or total discontinuity with A2, as sketched in Fig. 8 . Such recurrent discontinuity, plus the vesicular organization, makes capillary rise into the plates difficult or impossible. The sharp changes in soil surface due to the intermittent occurrence of water logging, efflorescences, crust-related cracks development, and cracks filling with salt, affect the water and salt distribution at a centimetric scale and thus the survival of A.m. propagules.
In contrast with the desiccation cracks in clay-rich soils, the cracks in our saline and gypsum-rich soils were shallow. The desiccation cracks in clay-rich soils may translocate seeds to depths from which they are not able to emerge (Burmeier et al., 2010) while the shallow cracks in the soils we studied seem advantageous by providing different conditions for germination and early development of the plant. The plates can be a more suitable environment after the loss of capillary contact with the underlying soil (Fig. 8a) . Conversely, with no salt accumulation (descending water flow after rain), seed germination and the establishment of plantlets might be easier in the cracks, under less saline, temperate, and moist conditions than on the plates (Fig. 8b) . Even light showers might feed cracks, due to the low infiltration on plates that can be surmised from their vesicular porosity according to Young et al. (2004) or Yonovitz and Drohan (2009) . In the soil surface, vesicular pores appear first (Fig. 8c) , then a polygonal pattern marked by salt crystals develops (Fig. 8d) , leading to isolated vesicular plates (Fig. 8e) .
Even if our temperature data (recorded at 15-cm depth) do not include the winter or summer extremes, they suggest the role of water as a buffer for soil temperature, and points to the harsh conditions for plant life, especially in A1v where more extreme temperatures must occur. On the other hand, due to the soil moisture of A2 (up to 33%), the summer temperature (21.6-35.7°C) produces an intense evaporation of the interstitial saline water. This evaporation is addressed to the cracks of the A1v because of the mulching effect of the vesicular porosity of A1v layer, whose role in the control of the surface hydrology has been stressed by Turk and Graham (2011) . In the studied playa-lakes, the saline water table feeds the capillary ascent throughout the A2 horizon even in dry periods. Evaporation is addressed to the vertical crust-related cracks favoring the crystallization of soluble salts, and this effect is enhanced if the discontinuity between A1v and A2 has developed.
The overall difference in soil moisture between the July and December samplings was greater for A1v and much smaller for A2 illustrating the mulching effect of A1v. Sites with higher moisture in July than in December were probably related to the recent rains or to the local occurrence of ground water discharge. The overall salinity of A2 was very similar for July and December, because of the continuous capillary rise of salty ground water. The intermediate results for the A horizon illustrated the loss of information incurred if soil salinity or moisture is reported from samples routinely taken with an auger, as with salinity studies focused on the stock of salts within the soil. Our results stress the need to sample the A1v horizon separately to study the soil conditions for plant growth.
Gypsum, ubiquitous in the landscape, is mobilized in the profile and concentrates in A2 (Fig. 6 ). Other salts were distributed inversely (Fig. 5 ) in accordance with their much higher solubility than gypsum. The higher salinity in July samples brought salts to the surface by the strong capillary rise. These salts can reach the vesicular crust or concentrate in the cracks, depending on the development attained by the discontinuity between A1v and A2. Significant differences in ion content (Table 3) between A1v and A2 in July confirm the effect of the discontinuity between the two horizons, suggesting a different suitability for germination. The A1v ion content includes efflorescence, but the crystals of the efflorescence do not contribute to the actual salinity of the soil solution stressing the plants, except if it rains. The contrasting salinity ranges of A1v and A2 would not be detected by routine sampling of the A horizon.
The magnitude of the seasonal differences in soil salinity seemed to be linked with the saladas flooding frequency, showing the effects of the brine. At a metric and decametric scale, similar variability of vertical salinity stratification has been related to the dissolution of gypsum and more soluble salts occurring in the sediments together with the differences in permeability and hydraulic conductivity derived from hydrodynamic (pumping) tests performed in boreholes (Samper-Calvete and García-Vera, 1998). The variable soil composition in sampling sites is comparable to the variability of playa-lake brines for major and minor elements (Pueyo-Mur, 1978) and with the mineralogical variability of playa-lake sediments within the pedons and between them (Mees et al., 2011; 2012) . Variation in the physical and chemical characteristics of ground water over short distances was also reported by Samper-Calvete and García-Vera (1998). Moreover, as calcium carbonate and gypsum are major components of these soils, the capacity for ion retention is very low, which allows for quick changes in soil solution composition by brine inundation or by rain.
This may explain why bare soil sites did not show physical or chemical characteristics that were either unsuitable for A.m. growth or different from A.m. soils.
Our soil sampling was restricted to the trafficable areas as the muddy conditions hampered our entering the salada. This fact draws attention to a possible bias in the data from soil sampling by means of pits or augering when these methods do not work in muddy or flooded conditions (Herrero, 2008, p. 101) .
Arthrocnemum macrostachyum Occurrence
Flooding and salinity are known factors conditioning the growth of salt-tolerant plants (Zedler et al., 2003; Engels et al., 2011) , especially demonstrated through lab experiments on seed and germination (Chang et al., 2005; Espinar et al., 2005a) . Under field conditions (inland hypersaline environments), A.m. development can be conditioned by other sources of variability superimposed on the main gradient of flooding salinity. In this sense, the high Ca content of our gypseous soils (CaSO 4 ·2H 2 O) is approximately 200 times more soluble than calcium carbonate) can be related to the high tolerance of A.m. to soil salinity, as confirmed in laboratory by Gul and Khan (2008) for this plant. The physiological effects of soil salinity should take into account the antagonism between Mg and Na (Feigin, 1985) regardless of the salinity level (Navarro et al., 2000) . On the other hand, the high gypsum content seems to have the opposite effect (Table 1) confirming the constraints of gypseous soils for plant support due to the low water and nutrient retention capacity and the hampering of root growth (FAO, 1990; Herrero et al., 2009 ). The maximum Mg/Ca ratio of our A.m. soils (4.94) was higher than that reported for Mediterranean coastal salt marshes (~ 2.5) by Álvarez-Rogel et al. (2001) .
In the studied soils, A.m. plants develop in soil with EC1:5 ranging from 46.6 to 0.6 dS m -1 although germination conditions in the field are unknown. According to lab experiments, A.m. germination gradually decreases with increasing salt concentration (Pujol et al., 2000; Rubio-Casal et al., 2003; Herranz et al., 2004; Khan et al., 2006; Vicente et al., 2007; Khan and Gul, 2008) . Herranz et al. (2004) reported positive effects following the subjection of A.m. seeds to hypersaline solutions. This salt stimulation (Woodell, 1985) is an adaptation of plants to the dryness and waterlogging episodic successions in our saladas. Also, several authors reviewed by Khan and Gul (1998) have stressed the occurrence of polymorphism in seeds of a number of halophytic species and mentioned the hypothesis of selection by different salinity levels at the sites where these plants grow. This also may apply in the two different substrates provided by the polygonal cracking, that is, A1v and A2 horizons.
The above two paragraphs discuss some factors influencing plant early stage viability and development on the saline playa-lake floors. Soil characteristics that change temporally (daily, seasonally) may also play a role for germination and continued viability of mature plants. King et al. (2011) , however, reported for the Salton Sea in California, that variability among sites was significantly greater than variability from one season to the other at the same site. Similar results were obtained by Herrero (2008) at salada Agustín in Spain. Actually, most soil salinity measurements on the floors of playa-lakes are conducted when the ground is trafficable. This procedure does not record the soil salinity during flooding periods. Moreover, flooding is often produced by brine or other hypersaline water, so the effects on plant physiology of the neutral ion-pairs or of the freezing-point depression should be taken into account. Continual recordings would be needed to fill this gap. Instantaneous data give an incomplete picture of the conditions endured by the plants.
CONCLUSIONS
The persistent polygonal cracking in the gypsum-and calcium carbonate-rich soils of the Monegros playa-lakes provides two different microenvironments for A.m. growth. The mulching effect of the polygonal A1v horizon stresses the importance of sampling this horizon separately and to observe the differences in salt content between the two available substrates for germination and plant development. The considerations of Young et al. (2004) about the fragility of the surfaces and the hydrological impact of their disruption apply to our playa-lakes and can be extended to the seed germination and plantlet viability.
The described natural setting should suggest field or pot trials or other lab experiments mirroring the contrasting conditions at the surface of the soils where A.m. occurs. The soil surface traits studied showed A.m. occurs in soils with a wide range of salinity, moisture, and mineral composition. These variations point out the complexity of the soils in the playa-lake floors. The electrical conductivity of 1:5 soil-to-water extracts was a good predictor of the major ions content at the upper soil horizon of the studied playa-lakes. 8.
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